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1.  SUMMARY 
 

The purpose of this study was to perform chemical testing of twenty-three (23) unknown, coded 
test chemicals on the basis of application of the “Protocol for the In Vitro Estrogen Receptor 
Saturation Binding and Competitive Binding Assays Using Rat Uterine Cytosol” (the Protocol).  
The Protocol was developed as part of the Endocrine Disruptor Screening Program (EDSP) of the 
U.S. Environmental Protection Agency.  This Report provides data and results for 23 chemicals 
tested under the Protocol, designated Chemical Codes 1 through 23 inclusive.   
 
Test chemicals are characterized as “Positive,” “Negative” or “Equivocal” based on the ability to 
bind to rat uterine estrogen receptor.  The calculated log IC50 and Hill slope of the displacement 
curve (if any) were used as quantitative criteria to characterize each test chemical.  Test 
Chemicals 2, 4, 5, 6, 7, 11, 12, and 15 were determined to be Positive for binding to rat uterine 
estrogen receptor under the conditions of the Protocol.  Test Chemicals 9, 18, 20, 21 and 22 were 
determined to be Negative for binding to rat uterine estrogen receptor under the conditions of the 
Protocol.  Test Chemicals 1, 3, 8, 10, 13, 14, 16, 17, 19 and 23 were determined to be Equivocal 
for binding to rat uterine estrogen receptor, based on a qualitative evaluation of binding 
parameters (upper and lower binding plateaus levels and Hill slope) 
 
In conclusion, this Draft Report provides results for 23 chemicals tested under the experimental 
conditions of the Protocol, and comments on suitability of the Protocol as sole guidance for 
determining the estrogen binding affinity of unknown chemicals. 
 

 
2. INTRODUCTION 
 

The purpose of this study was to perform chemical testing of twenty-three (23) unknown, coded 
test chemicals on the basis of application of the “Protocol for the In Vitro Estrogen Receptor 
Saturation Binding and Competitive Binding Assays Using Rat Uterine Cytosol” (the Protocol).  
The Protocol was developed as part of the Endocrine Disruptor Screening Program (EDSP) of the 
U.S. Environmental Protection Agency.   
 
All methods and procedures were conducted in the spirit of the EPA Good Laboratory Practices 
Regulations.  This is a non-GLP study.  The Sponsor provided the “Quality Assurance Project 
Plan (QAPP) for Task Order 7, June 2007,” which provided specific Quality Assurance 
parameters for the study.    

 
 
3. MATERIALS AND METHODS 
 
 3.1 Reference Chemical and Weak Positive and Negative Control Articles: 
 

 Reference Chemical 
 

  Name: 17β-estradiol 
  Lot No.: 26K1611 

 Physical Description: White to off-white powder 
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  Weak Positive Control: 
 
  Name:   Norethynodrel 
  Lot No.:  G 

 Physical Description: White or nearly white crystalline powder 
 

  Radiotracer: 
 
 Name:   [3H]-Estradiol, specific activity 110 Ci/mmole 
 Lot No.:  3589221/1 (runs TTN001 – 003) 
    3589791/1 (runs TTN004 – 007; RN001 – 008) 
    3589481/1 (runs TTN008 – 019; RN009 – 013) 
 Physical Description:  Solution in ethanol 
 
 Test Chemicals 
 

  Twenty three chemicals were tested in this study.  The test chemicals were supplied as 
coded chemicals of unknown identity by the Sponsor, with designated code numbers 1 
through 23 inclusive.  All study personnel were blinded to test chemical identity.  
Molecular weights for each test chemical were provided to allow preparation of serial 
dilutions at specific molar concentrations.  All chemicals were tested using ethanol as 
solvent, with the exception of test chemicals 1, 5, 10, 18, 22 and 23, which were tested 
using dimethylsuloxide (DMSO) as the solvent.  It had no effect on the study since 
DMSO did not interfere with the estrogen binding assay.  Storage conditions to maintain 
stability were provided by the Sponsor and were documented in the raw data. 

 
 Identification, purity, stability and any other characteristics that define the reference 

chemical and weak positive and negative controls, and test chemicals were the sole 
responsibility of the Sponsor and were not included in the TRL study report.   

 
 3.2 Test System 
  
  Rat uterine cytosol is the specified test system in the Protocol, and was specified by the 

Sponsor. Ovariectomized Sprague-Dawley female rats, 85 – 100 days old, were obtained 
from Taconic Farms, Inc.  The uteri were collected at UIC-TRL.  Uterine cytosol was 
prepared according to the Protocol, section 6.0.  

 
 3.3 Experimental Design 

 
    The estrogen receptor competitive binding assays were conducted per “Protocol for the in 

vitro Estrogen Receptor Saturation Binding and Competitive Binding Assays Using Rat 
Uterine Cytosol” (Endocrine Disruptor Screening Program, U.S. Environmental Protection 
Agency, April 2007), with modifications and adjustments per RTI and EPA.  The negative 
control compound R1881 was eliminated from the Protocol per EPA directive. 
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    Data for each assay were collected on one of two liquid scintillation counters, a Packard 

TRI-CARB 3100TR or a Beckman-Coulter LS6500.  Data were reduced using Microsoft 
Excel 2000 and Prism v5.0 software.  Excel and Prism file templates containing data entry 
and data reduction formulae were included in the Protocol provided by the Sponsor. 

 
 
4. RESULTS 
 

4.1 Rat Uterine Cytosol Preparation and Saturation Binding Assay 
 

Five batches of rat uterine cytosol were prepared over the course of the study.  The 
saturation binding parameters used to characterize the cytosol are summarized in Table 1.  
Excel and Prism files of saturation binding data and analysis are presented in Appendices 
A to E.   
 
Protein concentrations ranged from 1.2 to 3.2 mg/ml.   The estimated saturation binding 
constants (Kd) ranged from 0.8 to 1.5 nM.  The estimated maximum receptors bound 
(Bmax) ranged from 41.2 to 146.0 fmole/100 μg protein.  Each of the saturation assays 
resulted in observation of maximum specific binding and a linear Scatchard plot.    

 
 
4.2  Rat Uterine Cytosol Estrogen Receptor Competition Binding Assay 
 

Results of competition binding assays are summarized in Table 2.  Raw data files (Excel 
and Prism) are presented in Appendices F through X.  Raw data files are identified by a 
filename consisting of the performing lab initials (TRL), a sequential run number 
associated with each technician (e.g., TTN001), the assay start date as yy/mm/dd, and the 
Chemical Code numbers run in the assay.  The final audited data files were appended 
with “Rev#.”  Complete data file names thus appear as, for example, “Rev1-TRL run 
TTN001 080312 Chem Codes 12, 19.xls” for the Excel file and “Rev1-TRL run TTN001 
080312 Chem Codes 12, 19.pxf” for the Prism file. 
 
Summary results are based on assay runs that met Protocol standard control (estradiol) 
and weak positive (norethynodrel) criteria for top and bottom plateau levels, Hill slope 
and within run standard deviation, or that were within 5% of the parameter value for 
meeting these criteria.  In cases where no assay runs met criteria for that chemical, all 
available data from unacceptable runs was used to provide the tentative chemical 
characterization presented in the summary descriptions. 
 
Test Chemical 1 was determined to be Equivocal for estrogen receptor binding in three 
competition assays, TTN015, TTN018 and TTN019 (Table 3; Fig. 1).  Chemical 1 
displaced 100% of the [3H]-estradiol tracer over the concentration range 100 μΜ to 100 
nM.  Data from higher concentrations were truncated from analysis avoid a U-shaped 
binding curve.  A sigmoidal binding curve was not observed.  A top plateau was not 
observed, and an IC50 or Hill slope could not be determined.  Test Chemical 1 dissolved 
in DMSO (75% DMSO in working assay buffer in dilution 1 and 50% or less in 
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subsequent dilutions) and was soluble in the assay mixture at all concentrations tested 
(final assay concentrations 100 pM – 1 mM).  The within-run standard deviations for the 
three assays were 8.92%, 2.12% and 9.77%.  Test Chemical 1 was characterized as 
Equivocal because some concentrations of test chemical appeared to compete the 
radiotracer, but a characteristic binding curve was not observed.   
 
Test Chemical 2 was determined to be Positive for estrogen receptor binding in two 
competition assays, RN008 and RN009 (Table 3; Fig. 2).  The assays yielded similar 
competition binding curves in terms of slope, upper and lower plateaus and logIC50s.  The 
mean log IC50 was –9.1 nM and the mean relative binding affinity (RBA) was 1.13 
compared to 17β-estradiol.  The mean Hill slope of the competition binding curve for 
Test Chemical 2 was –1.39. Test Chemical 2 dissolved in ethanol (75% EtOH in working 
assay buffer in dilution 1 and 53% or less in subsequent dilutions) and was soluble in the 
assay mixture at all concentrations tested (final assay concentrations 100 pM – 1 mM).  
The within-run standard deviations for the two assays were 7.3% and 12.7%.  Test 
Chemical 2 was characterized as Positive because it yielded a competition binding curve 
with upper and lower binding plateaus near 100% and 0%, respectively, a Hill slope near 
-1 and a value for log IC50. 
 
Test Chemical 3 was determined to be Equivocal for estrogen receptor binding in three 
competition assays, RN009, TTN015 and TTN018 (Table 3; Fig. 3).  The three assays 
yielded similar 100% competition of [3H]-estradiol tracer over the concentration range 
100 μM to 100nM, with varying upward slopes at lower concentrations to 100 pM.  Data 
from the 1 mM concentration was truncated from analysis to avoid a U-shaped binding 
curve.  A top plateau was not observed, and an IC50 or Hill slope could be determined in 
only two of the four assays. Test Chemical 3 dissolved in ethanol (75% EtOH in working 
assay buffer in dilution 1 and 50% or less in subsequent dilutions) and was soluble in the 
assay mixture at all concentrations tested (final assay concentrations 100 pM – 1 mM).  
The within-run standard deviations for the three assays were 1.5%, 1.2% and 2.7%.  Test 
Chemical 3 was characterized as Equivocal because some concentrations of test chemical 
appeared to compete the radiotracer, but a characteristic binding curved was not observed 
in all assay runs.   
 
Test Chemical 4 was tentatively determined to be Positive for estrogen receptor binding 
in three competition assays, TTN010, TTN011 and TTN013 (Table 3; Fig. 4).  The three 
assays yielded similar competition binding curves in terms of slope and lower binding 
plateau.  The mean log IC50 was –8.6 nM and the mean RBA was 2.7 compared to 17β-
estradiol.  The mean Hill slope of the competition binding curve for Test Chemical 4 was 
–1.05.  Test Chemical 4 dissolved in ethanol (50% EtOH in working assay buffer in 
dilution 1 and 45% or less in subsequent dilutions) and was soluble in the assay mixture 
at all concentrations tested (final assay concentrations 100 pM – 1 mM).  The within-run 
standard deviations for the three assays were 6.4%, 13.8%  and 2.5%.  Test Chemical 4 
was tentatively characterized as Positive because the bottom binding plateaus and Hill 
slopes were consistent and within criteria ranges, but with the caveat that the assay runs 
did not meet criteria parameters for the control and weak positive binding curves. 
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Test Chemical 5 was determined to be Positive for estrogen receptor binding in three 
competition assays, TTN007, TTN008 and TTN009 (Table 3; Fig. 5).  The three assays 
yielded similar competition binding curves in terms of slope, lower plateaus and logIC50s.  
The mean log IC50 was –6.4 nM and the mean RBA was 4.02 x 10-3 compared to 17β-
estradiol.  The mean Hill slope of the competition binding curve for Test Chemical 5 was 
–0.98. Test Chemical 5 dissolved in DMSO (50% DMSO in working assay buffer in 
dilution 1 and 45% or less in subsequent dilutions) but appeared to precipitate in the 
assay mixture at the 1 mM to 10 μM concentrations.  The within-run standard deviations 
for the three assays were 3.6%, 11.6% and 2.9%.  Test Chemical 5 was characterized as 
Positive because it showed a competition binding curve with clearly defined upper and 
lower plateaus near 100% and 0%, respectively, and a Hill slope close to –1.0. 
 
Test Chemical 6 was determined to be Positive for estrogen receptor binding in three 
competition assays, RN004, RN005 and RN006 (Table 3; Fig. 6).  The three assays 
yielded similar competition binding curves in terms of slope, upper plateaus and logIC50s. 
Data from the 1 mM concentration in three assays, and from the 1 mM and 100 mM 
concentrations in two assays, was truncated from analysis to avoid U-shaped binding 
curves.   Therefore, the lower binding plateau was not clearly defined.  The mean log IC50 
was –5.8 nM and the mean RBA was 1.3 x 10-3 compared to 17β-estradiol.  The mean 
Hill slope of the competition binding curve for Test Chemical 6 was –1.35. Test 
Chemical 6 dissolved in ethanol (75% EtOH in working assay buffer in dilution 1 and 
53% or less in subsequent dilutions) and was soluble in the assay mixture at all 
concentrations tested (final assay concentrations 100 pM – 1 mM).  The within-run 
standard deviations for the three assays were 2.7%, 22.5% and 6.7%.  Test Chemical 6 
was characterized as Positive because it yielded a competition binding curve with upper 
and lower binding plateaus near 100% and 0%, respectively, a Hill slope near -1 and a 
value for log IC50. 
 
Test Chemical 7 was determined to be Positive for estrogen receptor binding in three 
competition assays, RN004, RN005 and RN006 (Table 3; Fig. 7).  The three assays 
yielded similar binding curves in terms of slope, upper plateaus and logIC50s. The mean 
log IC50 was –3.7 nM and the mean RBA was 8.6 x 10-6 compared to 17β-estradiol.  The 
mean Hill slope of the competition binding curve for Test Chemical 7 was –0.95. Test 
Chemical 7 dissolved in ethanol (50% EtOH in working assay buffer in dilution 1 and 5% 
or less in subsequent dilutions) and was soluble in the assay mixture at all concentrations 
tested (final assay concentrations 100 pM – 1 mM).  The within-run standard deviations 
for the three assays were 8.3%, 5.7% and 3.8%.  Test Chemical 7 was characterized as 
Positive because at least one data point showed greater than 50% radioligand 
displacement and it was possible to obtain a value for log IC50 from an unconstrained 
curve with a Hill slope near -1. 
 
Test Chemical 8 was determined to be Equivocal for estrogen receptor binding in two 
competition assays, RN008 and TTN019 (Table 3; Fig. 8).  The assays yielded divergent 
results. Data from the 1 mM concentration was truncated from analysis in both assays to 
avoid U-shaped binding curves.  In run RN008, Test Chemical 8 competed the 
radiotracer at 1 mM (70%) and 100 mM (30%) concentrations, although a lower plateau 
was not observed.  In run TTN019 all concentrations of test chemical competed the 



Contract No.:  6-340-0210114 
Task Order:  7 

UIC/TRL Study No.:  525A 
 

 Page 11 
 

radiotracer greater than 60%.  Chemical 8 dissolved in ethanol (50% EtOH in working 
assay buffer in dilution 1 and 5% or less in subsequent dilutions) and was soluble in the 
assay mixture at all concentrations tested (final assay concentrations 100 pM – 1 mM).  
The within-run standard deviations for the two assays were 26.6% and 4.5%.  Test 
Chemical 8 was characterized as Equivocal because two assays gave divergent results, 
and a clearly defined competition binding curve was not seen in either. 
 
Test Chemical 9 was tentatively determined to be Negative for estrogen receptor binding 
in three competition assays, TTN010, TTN011 and TTN012 (Table 3; Fig. 9).  No 
displacement of the [3H]-estradiol radiotracer exceeding 50% was observed at any of the 
tested concentrations (final assay concentrations 100 pM – 1 mM).  A logIC50 and RBA 
could not be determined for Test Chemical 9.  Test Chemical 9 dissolved in ethanol (75% 
EtOH in working assay buffer in dilution 1 and 50% or less in subsequent dilutions) and 
was soluble in the assay mixture at all concentrations tested (final assay concentrations 
100 pM – 1 mM).  The within-run standard deviations for the three assays were 5.8%, 
9.6% and 17.6%.  Test Chemical 9 was tentatively characterized as Negative because it 
did not yield a competition binding curve, and did not compete the radiotracer greater 
than 50% at even the highest concentration, but with the caveat that the assay runs did not 
meet criteria parameters for the control and weak positive binding curves. 
 
Test Chemical 10 was determined to be Equivocal for estrogen receptor binding in two 
competition assays, RN008 and RN009 (Table 3; Fig. 10).  The assays yielded similar 
competition binding in terms of the upper plateau and an ability to compete the 
radiotracer greater than 50% at the highest concentration of 1 mM.  A lower binding 
plateau was not apparent.  The Hill slopes of the two curves for Test Chemical 10 varied; 
one was indicated an excessively shallow curve at –2.0 and the other was –0.7. Test 
Chemical 10 dissolved in DMSO (50% DMSO in working assay buffer in dilution 1 and 
5% or less in subsequent dilutions) but appeared to precipitate in the assay mixture at the 
1 mM and 100 μM concentrations (final assay concentrations 100 pM – 1 mM).  The 
within-run standard deviations for the two assays were 6.5% and 7.3%.  Test Chemical 
10 was characterized as Equivocal because the Hill slope was variable and deemed 
excessively shallow in one case and the maximum competition at 1 mM was inconsistent.   
 
Test Chemical 11 was determined to be Positive for estrogen receptor binding in three 
competition assays, TTN002, TTN006 and RN008 (Table 3; Fig. 11).  The three assays 
yielded similar competition binding curves in terms of slope, upper and lower plateaus 
and logIC50s.  The mean log IC50 was –5.5 nM and the mean RBA was 3.9 x 10-4 
compared to 17β-estradiol.  The mean Hill slope of the competition binding curve for 
Test Chemical 11 was –0.95. Test Chemical 11 dissolved in ethanol (50% EtOH in 
working assay buffer in dilution 1 and 5% or less in subsequent dilutions) and was 
soluble in the assay mixture at all concentrations tested (final assay concentrations 100 
pM – 1 mM).  The within-run standard deviations for the three assays were 3.8%, 7.8% 
and 14.5%.  Test Chemical 11 was characterized as Positive because it showed a 
competition binding curve with clearly defined upper and lower plateaus near 100% and 
0%, respectively, and a Hill slope close to –1.0. 
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Test Chemical 12 was determined to be Positive for estrogen receptor binding in two 
competition assays, TTN001 and TTN006 (Table 3; Fig. 12).  The assays yielded similar 
competition binding curves in terms of slope, upper and lower plateaus and logIC50s.  The 
mean log IC50 was –6.9 nM and the mean RBA was 1.1 x 10-2 compared to 17β-estradiol.  
The mean Hill slope of the competition binding curve for Test Chemical 12 was –0.98.  
Test Chemical 12 dissolved in ethanol (50% EtOH in working assay buffer in dilution 1 
and 5% or less in subsequent dilutions), but appeared to precipitate in the assay mixture 
at the 1 mM to 10 μM concentrations.  The within-run standard deviations for the three 
assays were 3.2% and 2.9%.  Test Chemical 12 was characterized as Positive because it 
showed a competition binding curve with clearly defined upper and lower plateaus near 
100% and 0%, respectively, and a Hill slope close to –1.0. 
 
Test Chemical 13 was determined to be Equivocal for estrogen receptor binding in two 
competition assays, RN005 and RN006 (Table 3; Fig. 13).  The assays yielded similar 
competition binding curves in terms of slope, upper and lower plateaus and logIC50s. 
Data from the 1 mM concentration was truncated from analysis to avoid U-shaped 
binding curves.   The lower binding plateau was clearly defined over two concentration 
levels.  The mean log IC50 was –5.8 nM and the mean RBA was 1.4 x 10-3 compared to 
17β-estradiol.  The mean Hill slope of the competition binding curve for Test Chemical 
13 was –2.1. Test Chemical 13 dissolved in ethanol (75% EtOH in working assay buffer 
in dilution 1 and 53% or less in subsequent dilutions) and was soluble in the assay 
mixture at all concentrations tested (final assay concentrations 100 pM – 1 mM).  The 
within-run standard deviations for the two assays were 6.2% and 6.3%.  Test Chemical 
13 was characterized as Equivocal because the Hill slope was deemed excessively steep 
at –2.1. 
 
Test Chemical 14 was tentatively determined to be Equivocal for estrogen receptor 
binding in three competition assays, TTN010, TTN011 and TTN014 (Table 3; Fig. 14).  
Two assay runs (TTN010, TTN014) showed displacement of the [3H]-estradiol 
radiotracer exceeding 25% at  10 μM.  Data from the two highest concentrations (1 mM 
and 100 μM) were truncated from analysis in all assay runs avoid a U-shaped binding 
curve.  A sigmoidal binding curve was not observed.  A logIC50 and RBA could not be 
determined for Test Chemical 14.  Test Chemical 14 dissolved in ethanol (75% EtOH in 
working assay buffer in dilution 1 and 50% or less in subsequent dilutions) but appeared 
to precipitate in the assay mixture at the 1 mM to 10 μM concentrations (final assay 
concentrations 100 pM – 1 mM).  The within-run standard deviations for the three assays 
were 10.2%, 19.0% and 23.9%.  Test Chemical 14 was tentatively characterized as 
Equivocal because it did not meet all criteria for a determination of Negative, but with the 
caveat that the assay runs did not meet criteria parameters for the control and weak 
positive binding curves. 
 
Test Chemical 15 was determined to be Positive for estrogen receptor binding in two 
competition assays, TTN002 and TTN006 (Table 3; Fig. 15).  The assays yielded similar 
competition binding curves in terms of slope, upper and lower plateaus and logIC50s.  The 
mean log IC50 was –5.3 nM and the mean RBA was 1.8 x 10-4 compared to 17β-estradiol.  
The mean Hill slope of the competition binding curve for Test Chemical 15 was –0.99.  
Test Chemical 15 dissolved in ethanol (50% EtOH in working assay buffer in dilution 1 
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and 5% or less in subsequent dilutions) and was soluble in the assay mixture at all 
concentrations tested (final assay concentrations 100 pM – 1 mM).  The within-run 
standard deviations for the two assays were 3.7% and 4.5%.  Test Chemical 15 was 
characterized as Positive because it showed a competition binding curve with clearly 
defined upper and lower plateaus near 100% and 0%, respectively, and a Hill slope close 
to –1.0. 
 
Test Chemical 16 was determined to be Equivocal for estrogen receptor binding in three 
competition assays, TTN007, TTN008 and TTN009 (Table 3; Fig. 16).  The assays 
yielded similar competition binding curves in terms of slope, upper and lower plateaus 
and logIC50s. The lower binding plateau was clearly defined over two concentration 
levels.  The mean log IC50 was –5.1 nM and the mean RBA was 1.8 x 10-4 compared to 
17β-estradiol.  The mean Hill slope of the competition binding curve for Test Chemical 
16 was –3.2. Test Chemical 16 dissolved in ethanol (50% EtOH in working assay buffer 
in dilution 1 and 45% or less in subsequent dilutions) and was soluble in the assay 
mixture at all concentrations tested (final assay concentrations 100 pM – 1 mM).  The 
within-run standard deviations for the three assays were 5.6%, 2.8% and 3.3%.  Test 
Chemical 13 was characterized as Equivocal because the Hill slope was deemed 
excessively steep at –3.2. 
 
Test Chemical 17 was determined to be Equivocal for estrogen receptor binding in two 
competition assays, TTN008 and TTN009 (Table 3; Fig. 17).  The assays yielded similar 
competition binding curves in terms of slope, upper and lower plateaus and logIC50s. The 
lower binding plateau was clearly defined in one of the assays.  The mean log IC50 was –
5.4 nM and the mean RBA was 3.5 x 10-4 compared to 17β-estradiol.  The mean Hill 
slope of the competition binding curve for Test Chemical 17 was –1.5. Test Chemical 17 
dissolved in ethanol (75% EtOH in working assay buffer in dilution 1 and 50% or less in 
subsequent dilutions) and was soluble in the assay mixture at all concentrations tested 
(final assay concentrations 100 pM – 1 mM).  The within-run standard deviations for the 
two assays were 3.4% and 5.1%.  Test Chemical 17 was characterized as Equivocal 
because the Hill slope was deemed excessively steep at –2 in one of the assays. 
 
Test Chemical 18 was determined to be Negative for estrogen receptor binding in three 
competition assays, RN004, RN005 and RN006 (Table 3; Fig. 18).  No displacement of 
the [3H]-estradiol radiotracer was observed at any of the tested concentrations in two of 
the assays (final assay concentrations 100 pM – 1 mM).  In the third assay, approximately 
65% displacement was seen at the highest concentration of 1 mM.  A logIC50 and RBA 
could not be determined for Test Chemical 18.  Test Chemical 18 dissolved in DMSO 
(100% in all dilutions) and was soluble in the assay mixture at all concentrations tested 
(final assay concentrations 100 pM – 1 mM).  The within-run standard deviations for the 
three assays were 3.0%, 11.4% and 3.9%.  Test Chemical 18 was characterized as 
Negative because it did not yield a competition binding curve, and showed the ability to 
compete the radiotracer only at the highest concentration and in one assay run only. 
 
Test Chemical 19 was determined to be Equivocal for estrogen receptor binding in two 
competition assays, TTN001 and TTN007 (Table 3; Fig. 19). The assays yielded similar 
curves in terms of slope and upper plateaus. In both assays, greater than 50% 
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displacement of the radiotracer was seen at the highest concentration only (1mM).  A 
logIC50 and RBA could be determined in one assay run only.  Test Chemical 19 dissolved 
in ethanol (50% EtOH in working assay buffer in dilution 1 and 5% or less in subsequent 
dilutions) and was soluble in the assay mixture at all concentrations tested (final assay 
concentrations 100 pM – 1 mM).  The within-run standard deviations for the two assays 
were 20.3% and 2.5%. Test Chemical 19 was characterized as Equivocal because it 
competed with the radiotracer only at the maximum concentration and the one calculated 
Hill slope was excessively steep at –2.3. 
 
Test Chemical 20 was determined to be Negative for estrogen receptor binding in two 
competition assays, TTN015 and TTN018 (Table 3; Fig. 20).  Displacement of the [3H]-
estradiol radiotracer was observed at concentrations from 10 μM to 100 pM.  Data from 
the 1 mM and 100 μM concentrations were truncated from analysis avoid a U-shaped 
binding curve.  A sigmoidal binding curve was not observed.  A reasonable logIC50 and 
RBA could not be determined for Test Chemical 20.   The mean calculated logIC50 was 
12.22 and the mean calculated Hill slope was –16.  Upper and lower bounds of the 
competition curve were approximately 65% and 25%, respectively.  Test Chemical 20 
dissolved in ethanol (75% EtOH in working assay buffer in dilution 1 and 45% or less in 
subsequent dilutions) but appeared to precipitate in the assay mixture at the 1 mM to 10 
μM concentrations.  The within-run standard deviations for the two assays were 10.4% 
and 14.1%.  Test Chemical 20 was characterized as Negative because it did not yield a 
competition binding curve that met acceptable criteria, i.e. upper and lower bounds near 
100% and 0%, respectively, and a Hill slope of approximately –1.0. 
 
Test Chemical 21 was determined to be Negative for estrogen receptor binding in one 
competition assay, TTN006 (Table 3; Fig. 21).  No displacement of the estradiol 
radiotracer was observed at any of the tested concentrations (final assay concentrations 
100 pM – 1 mM).  A logIC50 and RBA could not be determined for Test Chemical 21.  
Test Chemical 21 dissolved in ethanol (50% EtOH in working assay buffer in dilution 1 
and 5% or less in subsequent dilutions), however the diluted test chemical in assay buffer 
formed a cloudy solution at the 1 mM and 100 μM concentrations.  The within-run 
standard deviation was 4.5%.  Test Chemical 21 was characterized as Negative because it 
did not yield a competition binding curve, and was unable to compete with the radiotracer 
at any concentration up to 1 mM. 
 
Test Chemical 22 was determined to be Negative for estrogen receptor binding in three 
competition assays, TTN007, TTN008 and TTN009 (Table 3; Fig. 22).  No displacement 
of the [3H]-estradiol radiotracer was observed at any of the tested concentrations in two 
of the assays (final assay concentrations 100 pM – 1 mM).  In the third assay, 
approximately 60% displacement was seen at the highest concentration of 1 mM.  A 
logIC50 and RBA could not be determined for Test Chemical 22.  Test Chemical 22 
dissolved in DMSO (50% DMSO in working assay buffer in dilution 1 and 5% or less in 
subsequent dilutions) and was soluble in the assay mixture at all concentrations tested 
(final assay concentrations 100 pM – 1 mM).  The within-run standard deviations for the 
three assays were 4.7%, 7.0% and 10.1%.  Test Chemical 22 was characterized as 
Negative because it did not yield a competition binding curve, and showed the ability to 
compete the radiotracer only at the highest concentration and in one assay run only. 
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Test Chemical 23 was determined to be Equivocal for estrogen receptor binding in three 
competition assays, TTN015, TTN018 and TTN019 (Table 3; Fig. 23) .  Displacement of 
the [3H]-estradiol radiotracer was observed at concentrations from 10 μM to 100 pM, and 
was highly variable.  A sigmoidal binding curve was not observed.  Upper and lower 
curve plateaus, logIC50 and RBA could not be determined for Test Chemical 23.   Test 
Chemical 23 dissolved in DMSO (75% in dilution 1 and 45% or less in subsequent 
dilutions) and was soluble in the assay mixture at all concentrations tested (final assay 
concentrations 100 pM – 1 mM).  The within-run standard deviations for the three assays 
were 10.1%, 7.0% and 9.8%.  Test Chemical 23 was characterized as Equivocal 
competitive displacement of the radioligand was observed, but highly variable over the 
range of concentrations tested.   
  
Control criteria were evaluated for 17β-estradiol and the weak positive norethynodrel 
competition curves, and included the top and bottom plateau levels, hill slope and within-
run standard deviation.  Control criteria values are summarized in Table 4, and Summary 
Plots are presented in Figures 24 and 25.  Of 32 total assay runs, 14 (44%) met acceptable 
performance criteria, or were within 5% of meeting criteria values.  Four of the assays 
(12%) met all performance criteria.  This analysis excludes the P1 norethynodrel 
standard, which was consistently truncated from analysis to avoid a U-shaped 
competition binding curve.  The most common reason for an assay to not meet acceptable 
performance criteria was an elevated upper binding plateau levels.   

 
 
5. DISCUSSION 

 
5.1 Saturation Binding of Rat Uterine Cytosol 

  
Rat uterine cytosol was prepared at TRL from ovariectomized rats.  Protein 
concentrations and saturation binding parameters (Kd and Bmax) were consistent between 
batches although they did not fall into the ranges described in the Protocol.    Each batch 
of cytosol assayed showed a plateau of maximum specific binding and a linear Scatchard 
plot indicative of one-site binding. 
  

5.2 Estrogen Binding Potential of the Test Chemicals 
 

Test Chemicals 2, 4, 5, 6, 7, 11, 12, and 15 were determined to be Positive for binding to 
rat uterine estrogen receptor under the conditions of the Protocol.  For each chemical, the 
log IC50s and Hill slopes for the competition curves were consistent and typically within a 
narrow range.  The relative binding affinities showed a broader between-run range of 
values, as they are calculated relative to the estradiol log IC50 determined in each assay.  
Test chemical 4 was ascribed a tentative determination because no assay runs for this 
chemical met control chemical performance criteria.   
 
Test Chemicals 9, 18, 20, 21, and 22 were determined to be Negative for binding to rat 
uterine estrogen receptor under the conditions of the Protocol.   These chemicals did not 
yield competition binding curves, and each test concentration yielded values of 
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approximately 100% or greater radioligand bound.  Between-run variability was more 
pronounced for Negative chemicals, possibly due to solubility issues.  Test chemicals 9 
and 14 were ascribed tentative determinations because no assay runs for these chemicals 
met control chemical performance criteria.   
 
Test Chemicals 1, 3, 8, 10, 13, 14, 16, 17, 19 and 23 were Equivocal for binding to rat 
uterine estrogen receptor under the conditions of the Protocol.  Equivocal determinations 
were qualitative in nature, based on evaluation of binding parameters (percent binding 
levels and Hill slope) and fell into three general categories.  In the first category, Test 
Chemicals were determined to be Equivocal because although displacement of the 
radioligand was observed over several concentrations, a characteristic binding curve was 
not obtained and a log IC50 could not be calculated.  Test Chemicals 1, 3 and 23 fell into 
this category.  In the second category, one or two of the highest concentrations (1 mM 
and 100 μM) could displace at least 50% of the radioligand, but a characteristic binding 
curve was not obtained and a log IC50 could not be calculated.  Test Chemicals 8, 10, 14 
and 19 fell into this category.  In the third category, the Test Chemicals yielded sigmoidal 
competition binding curves with clearly defined upper and lower binding plateaus, but 
the Hill slopes deviated from a value of –1 significantly enough to cast doubt on true 
estrogen-like binding.  Hill slopes were –2 or greater, indicating excessively steep slopes 
for the binding curves.  Test Chemicals 13, 16 and 17 fell into this category.   
 
Of 32 total assay runs, 44% met performance criteria or were within 5% of meeting 
criteria values.  In the assays that failed to meet performance criteria, the most common 
reason was an elevated upper binding plateau level.  The upper plateaus in these assays 
ranged from 130% to 200% or greater radioligand bound.  This phenomenon appeared to 
be related to low DPM counts in the ethanol control tubes, since calculation of the % 
bound values for each chemical concentration X is based on the ratio of X DPM counts to 
the average ethanol DPM counts (after subtraction of nonspecific DPM).  Conversely, 
one could posit enhanced binding of the radioligand in the presence of low concentrations 
of unlabled ligand as a cause of the elevated upper plateaus.   
 

5.3 Comments on the Protocol and Inter-Laboratory Validation 
 
The specific causes of some assays not meeting performance criteria remain elusive.  At 
the Sponsor’s (RTI / EPA) request, the following discussion comments on technical 
issues that arose during implementation of the Protocol.   
 
Rat uterine cytosol preparation.  The Protocol gives sufficient direction on uterine  
dissection and tissue / buffer ratios for the preparation of the cytosolic fraction.  Two 
clarifications are warranted.  The first is regarding the age range of the rats.  It is not clear 
if the 85-100 day age range refers to the age at sacrifice or the age at ovariectomy.  The 
second is regarding uteri collection from large numbers of animals.  At the TRL, we 
dissected uteri and placed them immediately in ice-cold buffer.  Out of concern for 
receptor degradation during the collection period, we limited the number of animals to 30 
– 35, so that uteri were in buffer approximately 45 minutes prior to homogenization.  
This approach resulted in functional cytosol for the assay, but also small batches that 
necessitated multiple saturation assays to characterize each batch.  The Sponsor later 
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clarified that uteri could be dissected and snap-frozen in liquid nitrogen, so that larger 
numbers of animals, 50 – 100, could be handled in one session, yielding larger batches of 
cytosol.  TRL used this approach for the last batch of 60 animals, with the frozen uteri 
homogenized and further prepared immediately after the dissection session, and it worked 
quite satisfactorily.  For scientists not accustomed to implementing large-scale 
biochemical assays, this minor but critical point is not obvious.  It would be useful to 
include this point about snap-freezing uteri in the protocol, in addition to some guidance 
on approximate quantities, e.g. that X number of rats are expected to yield Y milliliters of 
uterine cytosol, sufficient for Z test chemicals assayed in triplicate. 
 
Characterization of rat uterine cytosol.  Guidance from the Protocol and Sponsor 
regarding saturation assay results and interpretation was not consistent.   Section 7.0 of 
the Protocol states that there are no specific performance criteria regarding the outcome 
of saturation assays, and refers to general considerations in section 8.6.  However, section 
8.6 describes specific value ranges for Kd and Bmax, accompanied by the statement that 
several saturation assays may be required to attain these value ranges, thereby implying 
that these are genuine target values.  Feedback from the Sponsor similarly implied that 
saturation assays should be yielding values in these ranges.  TRL lowered the cytosolic 
protein concentration for a series of saturation assays, which brought Kd and Bmax 
values closer to the Protocol values.  Subsequent competition assays utilized these 
lowered protein concentrations (40 μg / assay tube) until the Sponsor directed TRL to 
perform all assays at a standardized 50 μg / assay tube.  Guidance from the Sponsor was 
on the one hand to approach the typical values stated in the Protocol, and on the other to 
utilize 50 μg protein per assay tube.  It would be helpful to the performing laboratories 
for the Protocol to articulate a priority for utilizing a set protein concentration, or for 
attaining historic Kd and Bmax value ranges, or some other unambiguous metric.   
 
Ligand depletion.  Section 8.1.5 of the Protocol states that 15% ligand depletion is a 
case for adjustment of the assay, specifically cytosolic protein concentrations.  The Excel 
spreadsheet template accompanying the Protocol flags ligand depletion above 10% as 
indicating a problem with the assay.  Feedback from the Sponsor (conference call 4-16-
08) indicated that up to 20% ligand depletion is acceptable in saturation assays and not a 
concern in competition assays.  This should be clarified.   
 
Data Handling.  The Excel and Prism templates were well laid out and greatly facilitated 
data reduction.  It would be very useful to have a more clear “roadmap” to the sequence 
of data input and transformation, for example an MS word document that took the user 
step-by-step from DPM entry, through the formulae used to transform DPM into percent 
bound, to the cut-and-paste steps used to transfer data to Prism.  The main utility would 
be to accelerate learning for new users, but also it would serve to clarify why data is 
truncated or flagged. 
 
Test chemical solubility.  Solubility appears to play a major role in assay outcomes, 
specifically variability and reproducibility, even with the control chemicals estradiol and 
noerthynodrel.  The most common and significant cause of assays not meeting 
acceptance criteria was a low DPM yield for the ethanol control tubes relative to control 
chemical tubes, which resulted in elevated upper binding plateau levels.  Therefore it 
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appears that solvent itself, in addition to test chemical solubility, is an important factor.  
If this is the case, it seems necessary that the Protocol include solubility testing of the test 
chemicals as a distinct and standardized operation that is performed separate from the 
competition assay, and similarly a test of solvent compatibility of ethanol and DMSO 
with the cytosolic fraction. 
 
Noerthynodrel weak positive control.  The TRL experienced a months-long delay in 
implementation of the competition assays because the “P1” or 100 μM concentration of 
norethynodrel gave an elevated % binding value and thus a U-shaped competition curve.  
Solubility issues and adjustments to how norethynodrel was prepared, diluted and 
handled were investigated in depth.  The elevated % binding value was consistent over 
time and in the hands of four technicians.  During the course of running the competition 
assays, select assays did show an acceptable % binding value between 1% and –5%, 
seemingly at random given that in back to back  assays run by the same technician with 
the same reagents, one would and one would not yield acceptable P1 values.  
Interestingly, in two competition assays that were discarded because all sample DPM 
counts were very low (500 DPM or less), the P1 DPMs were remained high (over 1500 
DPM), suggesting the occurrence of some phenomena other than ligand binding.   
 
Hydroxyapatite.  Not all hydroxyapatite is the same.  For the CAS number listed in the 
Protocol, (1306-06-5), multiple forms are available.  TRL first purchased “Fast Flow” 
hydroxyapatite from Fluka (catalog no. 55497), a granular form  which produced a stable, 
easily washable pellet but was expensive and difficult to keep in suspension and to 
distribute into the assay tubes because it would clog the repeating pipetter.  We also tried 
hydroxyapatite from Riedel-de Haen (catalog no. 04238), a finer granule form which was 
significantly less expensive and much easier to keep in suspension and distribute to the 
assay tubes, but which formed a pellet that was very difficult to resuspend during the 
washing phases of the assay, even with prolonged vortexing.  We also used 
hydroxyapatite slurry obtained from BioRad (catalog no 130-0150), which performed 
similarly to the Fluka Fast Flow.  It would be helpful, if possible, to specify a particular 
vendor and catalog number of hydroxyapatite, as well as other chemicals and reagents, in 
the Protocol. 
 
Radiotracer stability.  The Protocol and the shipping materials accompanying the [3H]-
estradiol radiotracer did not specify handling requirements, only storage at –20oC.  
Radiotracer degradation appears to have played a major role in several competition 
assays not meeting performance criteria, as switching to a previously unopened stock 
solution significantly improved assays results.   
 
R1881.  The R1881 “negative” control chemical yielded competition binding curves and 
measurable log IC50s in the five competition assays in which this control was used.  
R1881 was poorly soluble in absolute ethanol and formed a precipitate in the assay tubes.  
It was eliminated from subsequent competition assays at the Sponsor’s request.   
 
Performance Criteria.  The Protocol stipulates strict performance criteria of   control 
chemicals for “acceptable runs, ” specifically with-in run variation less than 5% 
(estradiol) or 5.7% (norethynodrel), bottom binding plateau between –5.0 and 1.0%, top 



Contract No.:  6-340-0210114 
Task Order:  7 

UIC/TRL Study No.:  525A 
 

 Page 19 
 

binding plateau between 90 and 110% and Hill slope between –1.1 and –0.7.  Under strict 
adherence to these criteria, and ignoring the P1 noethynodrel standard, which consistently 
gave a U-shaped binding curve, 12% of 32 assays run were acceptable runs.  Under 
slightly relaxed criteria (i.e. expanding acceptable ranges 5%), 44% of the assays gave 
acceptable runs.  The performance criteria stipulated in the Protocol are typical for 
instrumental analytical methods (e.g., chromatographic methods) and immunologic 
analytical methods (e.g. enzyme immunoassay).  However these criteria may be too 
narrow for this assay, which although biochemical is sourced from live animals, is non-
automated and entails multiple steps, all of which add to variability. 
 
Classification Criteria.  The Protocol guidance on classification of chemicals as 
positive, negative or equivocal is not completely clear as written.  The main problem is 
that all the classification descriptions appear to be predicated on the test chemical 
producing a recognizable competition binding curve, and that judgment is based 
primarily on the percent radioligand displacement.  What quantitative value is ascribed to 
a Hill slope that is “unusually steep” or “unusually shallow”? Values less than –1.5, or –
2.0, or greater than –0.5?  Chemicals that are negative most commonly did not produce 
any binding curve, e.g. a straight line at 100%, not “an acceptable binding curve…which 
do[es] not displace more than 25% of the radioligand…” Thus this description of the 
negative classification is confusing because it does not include an option of absence of 
any binding curve.  Several chemicals yielded a U-shaped binding curve (prior to data 
truncation during analysis).  This is not addressed in classification criteria.   
 
Inter-laboratory collaboration.  The TRL recognizes the two major goals of the study 
as to provide data on the estrogenicity of the 23 blind-coded test chemicals and to 
demonstrate the utility of the Protocol as stand-alone directions for successfully assaying 
the test chemicals.  These two goals at times worked at cross-purposes to each other.  The 
Protocol as written contains inconsistencies and ambiguities that were eventually clarified 
by the Sponsors.  However there were troubleshooting issues – notably the high DPM 
counts in the P1 norethynodrel standards, the low DPM counts in the ethanol controls, 
and inconsistency in meeting performance criteria – that were not resolved by conference 
call between lab and Sponsor.  TRL advocated for site visits between TRL technicians 
and Study Director and the technical staff of the Sponsor laboratory to resolve these 
issues, an approach that was deemed by the Sponsor to be contrary to demonstration of 
the Protocol as a stand-alone approach.  However this impeded the other goal of 
generating useable data on a very aggressive deadline.   We comment here to suggest that 
separating these two goals based on their collaborative requirements may have facilitated 
delivery of both. 

 
 

6. CONCLUSION 
 

Twenty-three blind-coded Test Chemicals were assayed for estrogenicity according to the 
“Protocol for the In Vitro Estrogen Receptor Saturation Binding and Competitive Binding Assays 
Using Rat Uterine Cytosol” (the Protocol).  Test Chemicals 2, 4, 5, 6, 7, 11, 12, and 15 were 
determined to be Positive for binding to rat uterine estrogen receptor under the conditions of the 
Protocol.  Test Chemicals 9, 18, 20, 21 and 22 were determined to be Negative for binding to rat 
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uterine estrogen receptor under the conditions of the Protocol.   Test Chemicals 1, 3, 8, 10, 13, 14, 
16, 17, 19 and 23 were Equivocal for binding to rat uterine estrogen receptor under the conditions 
of the Protocol.  The Protocol has potential to function as a stand-alone directions for testing 
unknown chemicals for estrogenicity, but requires some revision and accommodations for assay 
performance troubleshooting. 
 
 

7. PERSONNEL 
 
Study Director:   Daniel Tessier, Ph.D., D.A.B.T.   
Principal Investigator  Alexander V. Lyubimov, M.D., Ph.D., D.A.B.T. 

 Receptor Binding Analysts  Thuly Nguyen, B.S. 
     Rita Nisman, B.S.   
 
 
 
8. ARCHIVES 

Upon completion of the study and submission of the final report, all raw data, documentation and 
other materials necessary to reconstruct the study will be stored for five years in the UIC/TRL 
archives maintained by Quality Assurance, University of Illinois at Chicago (UIC), Department of 
Pharmacology, Chicago, IL 60612.  The Sponsor will then be contacted regarding further archival 
arrangements.   
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Table 1 

 
CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  

BINDING ASSAY IN RAT UTERINE CYTOSOL 
 

Summary of Saturation Binding Assay Results by Cytosol Batch 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Cytosol Batch ID 

Protein 
Concentration 

(mg/ml) 

 
Est. Kd 
(nM) 

Est. Bmax 
(fmole/100 
μg protein) 

RUC2-18-08 1.16 1.4 146.0 

RUC2-21-08 3.16 1.1 85.2 

RUC2-22-08 2.69 1.5 107.9 

RUC3-3-08 2.75 1.0 41.2 

RUC6-6-08 2.52 0.8 113.2 
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Table 2 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Summary of Competition Binding Assay Results by Chemical Code * 

 

Chemical Codes 1 2 3 4 5 

Bottom Plateau Level -2.67 ± 0.99 -1.33 ± 1.60 -2.91 ± 1.50 -6.89 ± 5.24 1.13 ± 1.26 

Top Plateau Level 29.17 ± 25.79 100.97 ± 31.24 87.02 ± 21.71 133.71 ± 46.94 100.33 ± 9.37 

Log IC50 (nM) N/A -9.06 ± 0.49 -9.43 ± 0.51 -8.61 ± 0.31 -6.45 ± 0.05 

Hill Slope N/A -1.39 ± 5.14 -1.10 ± 0.13 -1.05 ± 0.21 -0.98 ± 0.05 

SD within run 6.94 ± 4.19 11.35 ± 1.91 1.79 ± 0.80 7.58 ± 5.77 6.05 ± 0.52 

RBA** N/A 1.13  ± 4.05 x 10-2 5.73 ± 3.28  2.67 ± 6.96 x 10-1 4.02 x 10-3 ± 3.73 x 10-4 

Conclusion EQUIVOCAL POSITIVE EQUIVOCAL POSITIVE POSITIVE 

     N/A = Not Applicable 
   *Values are averages of repeated assays run in triplicate ± SD. 

 **Relative Binding Affinity; 17β-estradiol = 1.0. 
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Table 2 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Summary of Competition Binding Assay Results by Chemical Code * 

 

Chemical Codes 6 7 8 9 10 

Bottom Plateau Level 5.12 ± 9.70 -382673.22 ± 662792.43 10.61 ± 22.64 56.24 ± 2.07 -89.74 ± 137.69 

Top Plateau Level 98.28 ± 6.90 97.95 ± 2.39 67.97 ± 45.09 159.30 ± 50.51 109.60 ± 9.48 

Log IC50 (nM) -5.83 ± 0.08 -3.68 ± 0.11 -4.67 ± N/A N/A -3.41 ± 0.52 

Hill Slope -1.35 ± 0.63 -0.95 ± 0.40 -1.30 ± N/A N/A -1.34 ± 0.89 

SD within run 10.63 ± 10.47 5.93 ± 2.26 15.54 ± 15.64 11.02 ± 6.02 6.90 ± 0.57 

RBA** 1.25 x 10-3 ± 4.03 x 10-4 8.63 x 10-6 ± 1.61 x 10-6 1.04 x 10-4 ± N/A N/A 1.18 x 10-5 ± 1.32 x 10-5 

Conclusion POSITIVE POSITIVE EQUIVOCAL NEGATIVE EQUIVOCAL 

     N/A = Not Applicable 
   *Values are averages of repeated assays ± SD. 

 **Relative Binding Affinity; 17β-estradiol = 1.0. 
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Table 2 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Summary of Competition Binding Assay Results by Chemical Code * 

 

Chemical Codes 11 12 13 14 15 

Bottom Plateau Level -1.68 ± 1.20 -1.41 ± 0.97 1.73 ± 1.02 46.66 ± 40.92 -0.21 ± 2.72 

Top Plateau Level 97.28 ± 5.19 107.80 ± 5.80 95.13 ± 6.55 125.97 ± 10.63 102.10 ± 2.26 

Log IC50 (nM) -5.48 ± 0.23 -6.89 ± 0.11 -5.77 ± 0.16 -6.60 ± N/A -5.28 ± 0.20 

Hill Slope -0.95 ± 0.09 -0.98 ± 0.10 -2.06 ± 0.01 -0.33 ± N/A -0.99 ± 0.09 

SD within run 8.70 ± 5.41 3.06 ± 0.23 6.25 ± 0.07 21.80 ± 13.27 4.10 ± 0.57 

RBA** 3.93 x 10-4 ± 1.04 x 10-4 1.13 x 10-2 ± 5.92 x 10-3 1.38 x 10-3 ± 5.66 x 10-4 1.50 x 10-2 ± N/A 1.84 x 10-4 ± 4.57 x 10-5 

Conclusion POSITIVE POSITIVE EQUIVOCAL EQUIVOCAL POSITIVE 

     N/A = Not Applicable 
   *Values are averages of repeated assays ± SD. 

 **Relative Binding Affinity; 17β-estradiol = 1.0. 
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Table 2 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Summary of Competition Binding Assay Results by Chemical Code * 

 

Chemical Codes 16 17 18 19 20 

Bottom Plateau Level -1.41 ± 1.18 4.86 ± 12.30 74.69 ± 2.47 -115.59 ± 175.38 28.24 ± 8.13 

Top Plateau Level 103.29 ± 7.39 107.50 ± 0.42 102.49 ± 4.69 101.45 ± 9.13 64.06 ± 6.01 

Log IC50 (nM) -5.09 ± 0.04 -5.38 ± 0.00 -3.04 ± N/A N/A 12.22 ± 2.61 

Hill Slope -3.22 ± 2.15 -1.54 ± 0.65 N/A N/A -16.02 ± 3.97 

SD within run 3.88 ± 1.46 4.25 ± 1.20 6.10 ± 4.61 11.38 ± 12.61 12.22 ± 2.61 

RBA** 1.76 x 10-4 ± 2.99 x 10-5 3.51 x 10-4 ± 2.12 x 10-5 2.34 x 10-6 ± N/A N/A 1.66 x 10-2 ± 5.40 x 10-4 

Conclusion EQUIVOCAL EQUIVOCAL NEGATIVE EQUIVOCAL NEGATIVE 

     N/A = Not Applicable 
   *Values are averages of repeated assays ± SD. 

 **Relative Binding Affinity; 17β-estradiol = 1.0. 
 



   Contract No.:  6-340-0210114 
Task Order:  7 

UIC/TRL Study No.:  525A 
 

 Page 26 
 

Table 2 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Summary of Competition Binding Assay Results by Chemical Code * 

 

Chemical Codes 21 22 23 

Bottom Plateau Level 97.44 ± N/A 63.55 ± 25.24 N/A 

Top Plateau Level 121.17 ± N/A 103.73 ± 6.60 N/A 

Log IC50 (nM) N/A -3.27 ± N/A N/A 

Hill Slope N/A N/A N/A 

SD within run 4.70 ± N/A 7.42 ± 3.79 9.98 ± 2.46 

RBA** N/A N/A N/A 

Conclusion NEGATIVE NEGATIVE EQUIVOCAL 

          N/A = Not Applicable 
      *Values are averages of repeated assays ± SD. 

 **Relative Binding Affinity; 17β-estradiol = 1.0. 
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Table 3 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Individual Competition Binding Assay Results by Chemical Code 

 
Chemical Code No.  1 

 
Run No. TTN015 TTN018 TTN019 

Bottom Plateau Level -2.011 -3.808 -2.196 

Top Plateau Level 2.78 x 1014 10.93 47.4 

Log IC50 -9.938 N/A N/A 

Hill Slope -0.5993 N/A N/A 

SD within run 8.92 2.12 9.77 

RBA* 1.524 x 101 N/A N/A 

 
 N/A = Not Applicable 
     
 *Relative Binding Affinity, 17β-estradiol = 1.0 
 

Chemical Code No.  2 
 

Run No. RN008 RN009 

Bottom Plateau Level -0.1944 -2.46 

Top Plateau Level 95.73 106.2 

Log IC50 -8.716 -8.496 

Hill Slope -1.23 -1.092 

SD within run 7.3 12.7 

RBA* 1.159 1.102 

 
      *Relative Binding Affinity, 17β-estradiol = 1.0 
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Figure 1. 
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Figure 2. 
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Table 3 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Individual Competition Binding Assay Results by Chemical Code 

 
Chemical Code No. 3 

 
Run No. TTN015 TTN018 RN009 

Bottom Plateau Level -1.187 -3.935 -3.601 

Top Plateau Level 70.44 79.02 111.6 

Log IC50 -9.459 -9.934 -8.906 

Hill Slope -1.246 -1.039 -1.002 

SD within run 1.47 1.21 2.7 

RBA* 5.058 9.290 2.831 

 
 N/A = Not Applicable 

 
   *Relative Binding Affinity, 17β-estradiol = 1.0 
 

Chemical Code No.  4 
 

Run No. TTN010 TTN011 TTN013 

Bottom Plateau Level -5.069 -12.79 -2.803 

Top Plateau Level 86.24 134.8 180.1 

Log IC50 -8.551 -8.338 -8.593 

Hill Slope -1.28 -0.8706 -1.003 

SD within run 13.85 6.37 2.51 

RBA* 2.600 2.009 3.396 

 
 *Relative Binding Affinity, 17β-estradiol = 1.0
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Test chemical CODE 3
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Figure 3. 
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Test chemical CODE 4
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Figure 4. 
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Table 3 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Individual Competition Binding Assay Results by Chemical Code 

 
Chemical Code No. 5 

 
Run No. TTN007 TTN008 TTN009 

Bottom Plateau Level 1.557 2.121 -0.2946 

Top Plateau Level 89.78 103.5 107.7 

Log IC50 -6.447 -6.508 -6.4 

Hill Slope -0.9321 -1.03 -0.9702 

SD within run 3.64 11.6 2.9 

RBA* 3.715 x 10-3 4.436 x 10-3 3.908 x 10-3 

 
      *Relative Binding Affinity, 17β-estradiol = 1.0 
 

Chemical Code No. 6 
 

Run No. RN004 RN005 RN006 

Bottom Plateau Level 0.4869 16.27 -1.399 

Top Plateau Level 95.65 93.08 106.1 

Log IC50 -5.897 -5.853 -5.741 

Hill Slope -1.104 -2.063 -0.8889 

SD within run 2.7 22.5 6.7 

RBA* 8.810 x 10-4 1.679 x 10-3 1.183 x 10-3 

 
      *Relative Binding Affinity, 17β-estradiol = 1.0 
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Figure 5. 
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Test chemical CODE 6
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Figure 6. 



   Contract No.: 6-340-0210114 
Task Order:  7 

UIC/TRL Study No.:  525A 
 

 Page 36 
 

Table 3 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Individual Competition Binding Assay Results by Chemical Code 

 
Chemical Code No. 7 

 
Run No. RN004 RN005 RN006 

Bottom Plateau Level -7.978 -1148000 -11.68 

Top Plateau Level 95.97 97.29 100.6 

Log IC50 -3.796 -3.568 -3.677 

Hill Slope -1.311 -0.5173 -1.012 

SD within run 8.3 5.7 3.8 

RBA* 6.982 x 10-6 8.710 x 10-6 1.021 x 10-5 

 
  *Relative Binding Affinity, 17β-estradiol = 1.0 
 

Chemical Code No. 8 
 

Run No. RN008 TTN019 

Bottom Plateau Level 26.62 -5.401 

Top Plateau Level 99.85 36.09 

Log IC50 -4.671 N/A 

Hill Slope -1.299 N/A 

SD within run 26.6 4.48 

RBA* 1.045 x 10-4 N/A 

 
 N/A = Not Applicable 
 
  *Relative Binding Affinity, 17β-estradiol = 1.0 
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Figure 7. 
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Test chemical CODE 8
SUMMARY COMPETITION PLOT
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Figure 8. 
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Table 3 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Individual Competition Binding Assay Results by Chemical Code 

 
Chemical Code No. 9 

 
Run No. TTN010 TTN011 TTN012 

Bottom Plateau Level 55 58.63 5.09 

Top Plateau Level 128.7 131.6 217.6 

Log IC50 N/A N/A N/A 

Hill Slope N/A N/A N/A 

SD within run 5.84 9.59 17.62 

RBA* N/A N/A N/A 

 
 N/A = Not Applicable 
 
  *Relative Binding Affinity, 17β-estradiol = 1.0 
 

Chemical Code No. 10 
 

Run No. RN008 RN009 

Bottom Plateau Level -187.1 7.623 

Top Plateau Level 102.9 116.3 

Log IC50 -3.044 -3.779 

Hill Slope -0.7143 -1.971 

SD within run 6.5 7.3 

RBA* 2.466 x 10-6 2.113 x 10-5

 
    *Relative Binding Affinity, 17β-estradiol = 1.0
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Figure 9. 
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Test chemical CODE 10
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Figure 10. 
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Table 3 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Individual Competition Binding Assay Results by Chemical Code 

 
Chemical Code No. 11 

 
Run No. TTN002 TTN006 RN008 

Bottom Plateau Level -1.626 -0.5095 -.2.902 

Top Plateau Level 102.3 97.61 91.93 

Log IC50 -5.57 -5.661 -5.223 

Hill Slope -0.8412 -1.003 -1.074 

SD within run 3.79 7.8 14.5 

RBA* 3.006 x 10-4 5.047 x 10-4 3.724 x 10-4 

 
  *Relative Binding Affinity, 17β-estradiol = 1.0 
 

Chemical Code No. 12 
 

Run No. TTN001 TTN006 

Bottom Plateau Level -0.7165 -2.095 

Top Plateau Level 111.9 103.7 

Log IC50 -6.973 -6.812 

Hill Slope -1.048 -0.905 

SD within run 3.22 2.89 

RBA* 1.552 x 10-2 7.145 x 10-3

 
 N/A = Not Applicable 
 
   *Relative Binding Affinity, 17β-estradiol = 1.0 
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Figure 11. 
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Test chemical CODE 12
SUMMARY COMPETITION PLOT
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Figure 12. 
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Table 3 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Individual Competition Binding Assay Results by Chemical Code 

 
Chemical Code No. 13 

 
Run No. RN005 RN006 

Bottom Plateau Level 2.451 1.009 

Top Plateau Level 90.49 99.76 

Log IC50 -5.878 -5.658 

Hill Slope -2.063 -2.048 

SD within run 6.2 6.3 

RBA* 1.778 x 10-3 9.772 x 10-4

 
  *Relative Binding Affinity, 17β-estradiol = 1.0 
 

Chemical Code No. 14 
 

Run No. TTN010 TTN011 TTN014 

Bottom Plateau Level 70.77 69.8 -0.5798 

Top Plateau Level 134.6 129.2 114.1 

Log IC50 N/A N/A -6.596 

Hill Slope N/A N/A -0.3343 

SD within run 10.15 19.01 36.25 

RBA* N/A N/A 1.503 x 10-2 

 
 N/A = Not Applicable 
 
 *Relative Binding Affinity, 17β-estradiol = 1.0 
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Figure 13. 
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Test chemical CODE 14
SUMMARY COMPETITION PLOT
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Figure 14. 
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Table 3 (contd.) 

 
CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  

BINDING ASSAY IN RAT UTERINE CYTOSOL 
 

Individual Competition Binding Assay Results by Chemical Code 
 

Chemical Code No. 15 
 

Run No. TTN002 TTN006 

Bottom Plateau Level -2.127 1.713 

Top Plateau Level 103.7 100.5 

Log IC50 -5.427 -5.139 

Hill Slope -0.9262 -1.05 

SD within run 3.7 4.5 

RBA* 2.163 x 10-4 1.517 x 10-4

 
  *Relative Binding Affinity, 17β-estradiol = 1.0 
 

Chemical Code No. 16 
 

Run No. TTN007 TTN008 TTN009 

Bottom Plateau Level -0.2026 -1.483 -2.558 

Top Plateau Level 94.76 107.3 107.8 

Log IC50 -5.041 -5.111 -5.121 

Hill Slope -5.665 -1.649 -2.348 

SD within run 5.55 2.8 303 

RBA* 1.459 x 10-4 1.778 x 10-4 2.056 x 10-4 

 
  
 *Relative Binding Affinity, 17β-estradiol = 1.0
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Figure 15. 
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Test chemical CODE 16
SUMMARY COMPETITION PLOT
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Figure 16. 
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Table 3 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Individual Competition Binding Assay Results by Chemical Code 

 
Chemical Code No. 17 

 
Run No. TTN008 TTN009 

Bottom Plateau Level -3.839 13.56 

Top Plateau Level 107.8 107.2 

Log IC50 -5.381 -5.378 

Hill Slope -1.08 -2.001 

SD within run 3.4 5.1 

RBA* 3.311 x 10-4 3.715 x 10-4

 
  *Relative Binding Affinity, 17β-estradiol = 1.0 
 

Chemical Code No. 18 
 

Run No. RN004 RN005 RN006 

Bottom Plateau Level 72.94 76.43 ~ -8.477 x 10-11 

Top Plateau Level 99.17 105.8 ~ 95.42 

Log IC50 N/A N/A -3.038 

Hill Slope N/A N/A ~ -3.400 

SD within run 3 11.4 3.9 

RBA* N/A N/A 2.344 x 10-6 

 
 N/A = Not Applicable 
 
 *Relative Binding Affinity, 17β-estradiol = 1.0 
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Figure 17. 
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Test chemical CODE 18
SUMMARY COMPETITION PLOT
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Figure 18. 
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Table 3 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Individual Competition Binding Assay Results by Chemical Code 

 
Chemical Code No. 19 

 
Run No. TTN001 TTN007 

Bottom Plateau Level -239.6 8.426 

Top Plateau Level 107.9 94.99 

Log IC50 N/A -3.563 

Hill Slope N/A -2.308 

SD within run 20.3 2.46 

RBA* N/A 4.853 x 10-6

 
 N/A = Not Applicable 
 
   *Relative Binding Affinity, 17β-estradiol = 1.0 
 

Chemical Code No. 20 
 

Run No. TTN001 TTN007 

Bottom Plateau Level 22.49 33.99 

Top Plateau Level 68.31 59.81 

Log IC50 -6.985 -7.176 

Hill Slope -1.568 -30.48 

SD within run 10.37 14.06 

RBA* 1.698 x 10-2 1.622 x 10-2

 
  *Relative Binding Affinity, 17β-estradiol = 1.0 
 



   Contract No.: 6-340-0210114 
Task Order:  7 

UIC/TRL Study No.:  525A 
 

 Page 55 
 

 

Test chemical CODE 19
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Figure 19. 
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Test chemical CODE 20
SUMMARY COMPETITION PLOT

-11 -10 -9 -8 -7 -6 -5 -4 -3

-10

0

10

20

30

40

50

60

70

80

90

100

TTN018
TTN015

log concentration of test chemical

pe
rc

en
t o

f r
ad

io
lig

an
d 

bo
un

d

 
 
Figure 20. 
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Table 3 (contd.) 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Individual Competition Binding Assay Results by Chemical Code 

Chemical Code No. 21 
 

Run No. TTN006 

Bottom Plateau Level 97.44 

Top Plateau Level 102.9 

Log IC50 N/A 

Hill Slope N/A 

SD within run 4.7 

RBA* N/A 

 
 N/A = Not Applicable 
 
  *Relative Binding Affinity, 17β-estradiol = 1.0 
 

Chemical Code No. 22 
 

Run No. TTN007 TTN008 TTN009 

Bottom Plateau Level 72.54 35.05 83.07 

Top Plateau Level 96.48 105.3 109.4 

Log IC50 N/A -3.267 N/A 

Hill Slope N/A -1.627 N/A 

SD within run 4.74 7 10.1 

RBA* N/A 2.547 x 10-6 N/A 

 
 N/A = Not Applicable 
 
   *Relative Binding Affinity, 17β-estradiol = 1.0 
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Figure 21. 
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Figure 22. 
 
 
 



   Contract No.: 6-340-0210114 
Task Order:  7 

UIC/TRL Study No.:  525A 
 

 Page 60 
 

Table 3 (contd.) 
 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Individual Competition Binding Assay Results by Chemical Code 

 
Chemical Code No. 23 

 
 

Run No. TTN015 TTN018 TTN019 

Bottom Plateau Level 43.3 N/A N/A 

Top Plateau Level 68.43 N/A N/A 

Log IC50 N/A N/A N/A 

Hill Slope N/A N/A N/A 

SD within run 10.1 6.98 9.83 

RBA** N/A N/A N/A 

  
 N/A = Not Applicable 
 
  *Relative Binding Affinity, 17β-estradiol = 1.0 



   Contract No.: 6-340-0210114 
Task Order:  7 

UIC/TRL Study No.:  525A 
 

 Page 61 
 

 

Test chemical CODE 23
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Figure 23. 
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Table 4 
 

CHEMICALS TESTING ON BASIS OF THE ESTROGEN RECEPTOR  
BINDING ASSAY IN RAT UTERINE CYTOSOL 

 
Summary Results for Standard 17β-Estradiol and Weak Positive Control Norethynodrel 

 
 

Parameter 17β-Estradiol Norethynodrel 

Bottom Plateau Level -1.2 ± 1.4* -0.7 ± 3.9 

Top Plateau Level 105.8 ± 9.1 104.2 ± 6.2 

Log IC50 -8.3 ± 0.2 -5.6 ± 0.2 

Hill Slope -1.02 ± 0.1 -1.1 ± 0.2 

SD within run 2.8 ± 0.8 3.8 ± 1.6 

RBA** 1.0 1.4 x 10-3 ± 5.8 x 10-4 

 
  *Values are averages of 14 assays run in triplicate ± SD. Criteria-satisfying assays were  

TTN001, -002, -006, -007, -008, -009, -015, -018, -019, RN004, -005, -006, -008, -009. 
 **Relative Binding Affinity, 17β-Estradiol = 1.0 
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Figure 24. 
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SUMMARY NORETHYNODREL PLOT
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Figure 25.
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